We present the first comprehensive study of the narrow emission lines of T Tauri stars (TTS). These narrow lines have been reported in the literature as originating in the stellar atmosphere and having Gaussian-type profiles centered at the stellar rest velocity, with a base width not larger than 50 km s -1 . Here, we concentrate on the Ca n lines XX8498, 8542, and 8662 and the helium line X5876. After applying veiling corrections, the average narrow component line emission is found to be larger than that found in active main-sequence stars: up to several times larger for classical T Tauri stars with strong rates of disk accretion. More striking is the finding that the resulting line emission strengths of these lines correlate with veiling. The correlation is confirmed on individual stars for which observations at several epochs exist and for which veiling varies widely on relatively short timescales. We also find a correlation between the narrow emission fluxes and the near-infrared excesses for stars with low levels of veiling, which includes the few weak-lined TTS of the sample.
INTRODUCTION
During the past few years, theoretical models, together with simultaneous optical, ultraviolet, and infrared data, have supported a scenario in which accretion of a circumstellar dusty disk onto a central pre-main-sequence (PMS) star (e.g., T Tauri star [TTS] ) is the key mechanism behind most of the phenomena attributed to these young stellar objects. Disk accretion near the star is the source of the near-infrared excess. It is generated partly by the gas viscous dissipation as angular momentum is transferred to the inner edges of the disk (Lynden-Bell & Pringle 1974, hereafter LP74) and partly by reprocessing of stellar light. Disk accretion, inferred by the excess of mid-and far-infrared luminosity, is claimed to be con-212 conclude that this correlation argues against any stellar-driven mechanism to form the Ca n broad lines. Implicit in the diskaccretion-based models is the apparent passivity of the underlying stellar source, which plays a secondary role in all these findings. Cabrit et al. ( 1990 ) determine a very poor correlation between the brightness of [O i] X6300 and Ha with the luminosity of the central star. Nevertheless, both circumstellar spectral features show a conclusive correlation with each other and with the mid-and far-infrared excess. The star alone cannot provide sufficient power to drive the TTS wind. There is an energy problem for the most dramatic examples, since the star is unlikely to generate a dissipative flux that in some cases is larger than its own total luminosity.
A direct application of the pioneering disk model of LP74 for TTS is made by Bertout, Basri, & Bouvier (1988) and Basri & Bertout ( 1989, hereafter BB89) , where the rotating gas in a quasi-Keplerian orbit reaches down to the stellar surface in strong oblique shocks. Consequently, a turbulent and hot gas with a temperature of approximately 2-3 times the stellar effective temperature lies at the star-disk interface, an appealing region to produce the excess of optical and UV luminosity. These simple models are able to reproduce the general slope of the continuum flux distribution for several classical TTS (Valenti, Basri, & Johns 1993 ) . However, the profile shapes of the low-excitation Balmer lines of stars such as DF Tau are not easily explained by simple models and indicate a possible link between the stellar magnetic field lines and an accreting circumstellar gas ( BB89 ). Depending on the strength of the stellar magnetosphere, its interaction with the disk might disrupt the latter and redirect the flow of the accretion nearby the star in a way not foreseen by the simple disk models.
In 1985, Uchida & Shibata proposed an accretion model based on the magnetic interaction between the star and the circumstellar disk. In their model, disk matter is constrained by stellar field lines that cross at a neutral point on the disk surface. Open field lines carry material away from the star in the form of a wind. They propose that disk material leaks onto the star along the stellar field lines through the neutral point and suggest that hot spots, formed on the star as a result of magnetic accretion, could produce emission lines as well as variable ultraviolet excess. Later, Camenzind (1990 ) & Königl (1991 proposed a circumstellar environment for TTS based on the disk-magnetosphere interaction models developed by Ghosh & Lamb ( 1979) for accreting neutron stars. Their models are able to show that such accretion over sufficient timescales could account for the low rotational velocities of TTS, therefore solving the angular momentum problem of these young stars. They explain UV excess and Balmer emission in terms of high-temperature shocks that will form at the bottom of accretion columns. They show that a significant fraction of stellar magnetic field lines are able to intersect the disk at even greater radii, producing a higher velocity infall and perhaps explaining broad emission lines. Hartmann, Hewett, & Calvet ( 1994) use this same framework to calculate Balmer line profiles formed in an infalling gas flowing along magnetic field lines. Their model simplifies the geometry of the field lines, adopting a dipolar magnetic field structure crossing the disk at about the corotational radius. A simplified isothermal atmosphere produces narrow emission lines similar to those reported in this work. They re-ET AL.
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produce some of the features such as the inverted P Cygni profiles and conclude that such infall is more common in TTS than previously thought. Kenyon et al. ( 1994) , using simultaneous BVRIJHKL photometry, suggest that the observed flux changes of DR Tau can be explained by a two-component model with a hot spot of T -10 4 K and a cool region of T ~ 1700 K. This bright spot, again, marks the region at which converging magnetic field lines meet the photosphere, dragging along gas from the circumstellar disk. Edwards et al. (1994) show that in the higher Balmer fines, absorption features that plausibly come from magnetospheric accretion are often seen. More direct observational evidence for this from rotational modulation of inflow and outflow components is found by Johns & Basri ( 1995) . Finally, Shu and collaborators have developed this model in more detail ( Shu et al. 1994a, b; Ostriker & Shu 1995) .
The star-disk interaction is therefore marked by energetic shocks whether or not the disk reaches the star, and broad spectral features might be the fingerprints of those hot regions. High-resolution and high signal-to-noise ratio observations have shown that typical broad emission fines are, in general, a composite of two distinct profiles. The first is symmetric and relatively narrow, centered at approximately the stellar rest velocity, resembling profiles of active late-type main-sequence stars (see Hamann & Persson 1993 ). This we refer to as the narrow component. The narrow components generally fie on top of asymmetric, broad, and in some cases, dramatically variable profiles, which we refer to as the broad components. Owing to their distinctive appearances, each component is probably formed in different regions of the stellar system. In particular, the narrow components cannot arise in a region with hypersonic or orbital velocities. Batalha & Basri ( 1993, hereafter BB93) tried to establish a reasonable set of theoretical chromospheric parameters to match the observed narrow fines. They calculate chromospheric models to fit the Ca n infrared triplet fines for a sample of T Tauri with low rates of disk accretion but null veiling. Except for Ha, all other fines resemble those of active mainsequence stars. Their findings include the following:
1. "Deep" chromosphere models as suggested by Herbig ( 1970) and calculated by Calvet, Basri, & Kuhi ( 1984) cannot explain symmetric emission fines with baselines about 50 km s -1 . The early "deep" models are successful in reproducing the total Ca ii fine fluxes of classical TTS that incorporate a high percentage of the broad fine fluxes not originating in a stellar chromosphere.
2. Stellar veiling due to excess continuum emission from the chromosphere cannot be larger than 10% of the photospheric flux.
3. In spite of the small number of stars in their sample, a mild correlation between chromospheric fine fluxes and both Ha and the near-infrared luminosity was found. The connection between Ha-which is not a stellar fine in the context of classical TTS-and the chromospheric triplet fines argues in favor of magnetic field fines as the basic source to supply energy both to the wind and to the chromospheric active regions where the triplet fines are formed.
In this report, we continue the study of BB93 with an extended sample of TTS in an effort to determine whether or BATALHA No. 1, 1996 not narrow emission lines are enhanced by any stellar-driven mechanism or circumstellar sources. A comprehensive study of narrow emission Unes presents a unique chance to set the boundaries for models of the stellar environment and to discuss the interaction between the circumstellar environment and the central star. The shape and intensity of the narrow component Unes can also be used to constrain the acceleration mechanism for TTS winds. We compare the radiative losses of the Ca II infrared triplet lines ( IRT) and the He i X5876 against the measured fluxes of active main-sequence stars, against the veiling parameters of these TTS, and against their near-infrared color excesses. We use the database referred to in BB90 for which detailed veiling measurements have been made. Observations and data analysis are presented in § 2, the results are presented in § 3, and a discussion is developed in § 4.
OBSERVATIONS AND DATA ANALYSIS
The T Tauri stars were primarily selected from the brightest members of the Taurus-Aurigae complexes. Observations were carried out with the 3 m Shane Telescope at Lick Observatory coupled with an echelle spectrograph and a TI CCD (800 X 800 ). The data were gathered over four seasons beginning in 1986, and a few stars were observed more than once in the same season in order to allow a more complete study of the erratic line and continuum flux variations. The list of stars and respective dates are presented in Table 1 and comprise the same data reported in BB90, where detailed veiling measurements are obtained. In the present work, we use the red grating setting which includes over 50 orders ranging from 4900 A up to 8800 À. The coverage, however, is not complete, and a gap of a few dozens of angstroms is found between orders. We refer to BB90 for details concerning data reduction and difficulties in defining a local continuum for each order. A set of Hyades templates is used to define spectral types and veiling consistently, and those may also be found in BB90.
Determination of the Line Components
We analyze three of the 52 echelle orders to measure radiative losses of the narrow and broad emission components. The local continuum is determined by using the same procedure as in BB90, which divides the spectra into several bins and defines a continuum locus for each array, giving a fixed weight to the pixel with the highest value. A spline is then passed through all of these points. When broad fines are present, they are removed manually before the above procedure is applied to the remaining spectrum.
In analyzing the Ca n narrow fines, we measure the differences between their core emission and the absorption profile of an inactive star used as template, instead of calculating the total emission above a pseudocontinuum drawn at the base of the core. This measures the total excess brightness in the fine over that expected from an atmosphere in radiative equilibrium. If the profile includes a broad component, the latter is extrapolated toward the nominal fine center and is subtracted from the whole profile. The details of this procedure are in the next two sections.
The helium fine is located in the same order as the sodium D 2 fines. In a few isolated cases, it is not possible to define a reliable local continuum since the red wing of the He I broad 213 emission component is connected to the blue absorption wing of the sodium fine (see Fig. 2o for RW Aur). We select the bluest pixels to fit a local continuum that is extrapolated redward. This procedure is the major source of error when we calculate the broad component fluxes but has minimum effect on the narrow-line fluxes. The two first members of the Ca II IRT are located in the same order, at the edges of the chip, and if strong broad components are present, their blue (X8498) or red (X8542) wings are cut off. After normalization, the main source of uncertainty is again in the total broad component radiative losses.
Cdi\\ Lines
In general, the weak TTS have no broad component, and their Ca n fluxes are calculated after subtracting off the profile of an inactive template. Conversely, all the classical TTS tend to present broad components with a few exceptions (e.g., AA Tau). The vast majority of our classical T Tauri stars (cTTS) are cooler than K5, and the contrast between the bright chromosphere and the cooler photosphere is quite strong. Consequently, the broad component is easier to distinguish from its associated narrow component and the continuum. We find that in most stars the two components are well resolved, and simple Gaussian fitting easily defines the narrow fine. Likewise, the infrared triplet trough points are clearly identified by simple eye inspection at the intersection between both components. However, stars such as DL Tau and UY Aur have Ca II profiles for which the task of discriminating both components is not straightforward. These stars have exceptionally broad fines with triangular shaped tops-as opposed to nearly flat ones-that make it difficult to ascertain the position of the IRT trough points. For these latter cases, the narrow component is defined as below.
We extrapolate the blue/red broad component wings toward the fine center with a Gaussian. The extrapolation is done within ±200 km s _1 of the fine center, and the curve is the composition of a first-degree polynomial and a Gaussian. Gaussian fitting is also done on the narrow-line core, and then the Ca ii trough points are defined as the intersection of both curves. Generally, the fitted narrow fine has a base width of ~50 km s -1 , depending on the narrow-line strength and the stellar rotational velocity. This is remarkably consistent and often serves to isolate a narrow component on a broad Ca n component, with confirmation that it is real from He I. Both fits are carefully scrutinized by direct inspection (which we find to be the best judge). We are satisfied with the solution that simultaneously minimizes the narrow component fluxes and produces extrapolated trough points similar to those identified by direct inspection. This is not always easily accomplished, especially for profiles with triangular-shaped tops in which the position of the broad component fine center is unknown. Such determinations must be regarded as less certain.
The broad component fitted curve is then subtracted from the whole profile, yielding the narrow component alone. The next and final step is to subtract the photospheric profile of the inactive template. The value of the trough point fluxes is completely lost because of the presence and previous subtraction of the broad component. To overcome this lack of information, we measure the trough point fluxes of several active 
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main-sequence stars and of a few TTS with no veiling or broad lines and find they lie at ~80% of the continuum. Therefore, after we define the narrow component cores in those TTS with broad lines, they are normalized to the above percentages of the continuum, and we then proceed by calculating the radiative losses. In doing so, our results for the classical TTS with conspicuous broad lines will represent lower limits since the average trough fluxes are forced to be identical to those found in main-sequence stars.
DR Tau and RW Aur deserve special attention as examples of extremely veiled cTTS. The IRT trough points cannot be identified, and the narrow component He I line is present and strong. We have seven independent observations of DR Tau, and none of the IRT profiles show any clear trough points. Nevertheless, a narrow component profile can be easily defined (and usually with very strong flux) if the extrapolation of the inner broad component wings toward the fine center is used. We prefer not to include these inferred narrow component fluxes as part of our data set because the trough points locations are not measured. We present eight sets of RW Aur data spanning veilings from 0.2 up to 4.2. Here, the extrapolation of the broad component wings gives no systematic residuals representing narrow core emission. On the contrary, they tend to leave central absorption. The apparent lack of the Ca n narrow component contrasts with the conspicuous presence of the He I narrow component, which suggests that the companion Ca n lines are indeed present. Thus, for DR Tau, RW Aur, and a few similar cases, we define the narrow component as unmeasurable rather than as nonexistent, since its presence is implied by clear He I narrow emission.
The major source of errors in the narrow component radiative losses is the lack of information regarding the percentage of broad component light contributing to the measured narrow component line fluxes. We make several tests with artificially generated profiles in which the broad component (EW of 12 and 130 Á ) and narrow component ( 2.2 Á ) strengths are fixed, and a grid of veilings ranging from 0.0 up to 4.0 is successively applied. In all the profiles in which a visual determination of the interface between the broad and narrow components is made, the measured narrow component fluxes tend to be underestimated by as much as 15%. The reason for the recurrent low values lies on our consistent adoption of fits which minimize the narrow component fluxes. We find major discrepancies in the measured narrow component flux if it is superimposed on a very strong broad component ( 130 Á). The final values fluctuate by up to 30% for stars such as DL Tau and DE Tau. We do not obtain reliable measurements for profiles lacking any visual identification of the interface between the broad and the narrow components; therefore, the results for DR Tau are not included.
We apply the technique of spectral subtraction to address extraphotospheric line filling in and derive radiative losses. This was used by Linsky et al. ( 1979) for a large set of giants and has become a fairly standard method used to analyze activity in late-type stars (Basri, Wilcots, & Stout 1989) . The template to be subtracted off could be either a theoretical profile in radiative equilibrium or an observed one. We compare a set of IRT profiles of M-K standards, and they show few changes with spectral type from K0 to M0. We therefore sub-215 tract the defined narrow component from the core of the K6 star.
HeiLine
The D 3 line is an indicator of stellar activity and appears in absorption if seen against bright active areas. Stellar modulation inferred by periodic changes in the helium equivalent width (EW ~ 25 mA) has been suggested for several active stars such as e Eri, thereby indicating the transit of bright regions across the stellar surface (Danks & Lambert 1985) . If the star is flaring, the line goes into emission, reaching large equivalent widths for stars such as AU Mic (see Fig. 2n ). Absorption was seen by Johns & Basri ( 1995 ) in the G-type TTS SU Aur. The helium narrow component is present in emission in all our observations with veilings larger than 0.4, being conspicuous even in those heavily veiled stars in which the IRT lines are not distinguishable (see RW Aur in Fig. 2) . It is not present in V830 Tau and is marginally measurable in ROX 29 and TAP 43. Those latter stars show null veilings, and their respective D 3 equivalent widths are comparable to the active main sequence and flare stars (AU Mic and G1 616). Equivalent widths in most of our classical TTS are several times larger than the usual values for flare or active stars.
The same fitting procedures described above for Ca n are applied to properly define the 5876 Á narrow component and integrate its flux. In general, the narrow component baseline tends to be 10 km s -1 larger than those of the IRT lines. Although the He I narrow components generally have well-defined blue extrema, we could not always define the red extrema-in particular those of DR Tau and RW Aur. DR Tau especially shows this tendency in that the narrow and the broad component red wings are smoothly finked without any hint as to where one ends and the other begins. Furthermore, the red wing ends at a broad redward absorption component centered at about 250 km s -1 -an example of a classical inverted P Cygni profile suggesting gas infall ( Fig. 1 ) .
The radiative loss for both broad and narrow emission-i.e., the excess of emission over the external continuum expressed in percentages of the photospheric fluxes-is jFp h ( 1 + u)EW 0 bs, where F ph is the nearby photospheric flux and EW obs is the equivalent width of the observed emission component. The measured fluxes are presented in Table 1 . Hartigan et al. ( 1989 Hartigan et al. ( ,1991 and BB90 show that the veiling, V, is relatively flat redward of 5500 Á and increases slightly toward the blue in some cases. The fines studied in this work fie at approximately XX5870 and 8550. We assume that the average veiling value near Ha prevails in those spectral regions. Veiling corrections are carried out for the orders, and the narrow components are then defined. Because of uncertainties in spectral classification, surface gravity, and the degree of chromospheric emission, we believe the corrections contain an intrinsic error of ~20%. This uncertainty increases with veiling because of the weakening contrast between fine and continuum. For extreme cases like DR Tau and DL Tau, we assume an uncertainty of 50%.
In Figures 2a-2o , we show the selected narrow components for the D 3 and IRT fines. Their assigned extremities are clearly defined in all TTS of our sample without broad components 216 BATALHA ET AL.
-300 -100 100 300 500 Vel (Km/s) Table 1 ) and are comparable to the IRT line fluxes. This indicates we might be witnessing an atmosphere that is a scaled-up version of that of a flare star. et al. (1993) calculate the IRT line radiative losses for several G and K stars of the Pleiades complex. Their sample concentrates on stars hotter than K5, overlapping slightly with our data at about (R -/) 0 = 0.6. Their method of determining radiative losses is similar to ours, and we therefore include their measurements in Figure 3 (circles) together with the TTS data (plus signs) presented in Table 1 for comparison. Filled circles represent the Pleiades stars with v sin i larger than 10 km s -1 . The classical TTS data are distributed as a natural extension toward higher color indices of the data gathered from the Pleiades fast rotator stars. However, within the overlapping region [0.4 < (R -/) 0 < 0.65], the TTS radiative losses are slightly higher than those of the Pleiades. Soderblom et al. ( 1993) also find that some of the Pleiades dwarfs show very weak levels of chromospheric activity if compared with the average level derived from their data. Nevertheless, this "low level" does not go below the activity level of the most active field stars. Therefore, the narrow component emission originating in a classical TTS is several times larger than those typical of very active field stars. Moreover, data taken from our reduced sample of weak TTS is comparable to those of active field stars. This indicates that active disks differentiate weak and classical TTS and also influence classical chromospheric lines, enhancing their total emission measure.
RESULTS
Soderblom
Narrow Component versus Disk-dependent Parameters
The average narrow component fluxes of stars with active disks lie above those of weak TTS or flare stars. Therefore, we study the trend between the total narrow component fluxes with parameters dependent on disk processes such as veiling and published near-infrared fluxes. Results are presented for the whole collection of objects, and we discuss the trend for the individual star RW Aur since several observations are available.
The Veiling
The IRT lines show a correlation with veiling, but with a large scatter, and the results are presented in Figures Aa-Ad. Several sources might be contributing to this scatter. First, our choice of the local continuum carries an uncertainty of ~ 10% in the narrow component fluxes before any correction for veiling is established. If a broad component is present, we estimate an uncertainty up to 20% since we cannot precisely locate the trough fluxes. Second, the strength and geometry of magnetic field lines play an important role in adding fluctuations to the total narrow component emission. If the latter is completely formed in the stellar chromosphere, we are measuring activity that is intrinsically time variable. Furthermore, we have not separated the stars by spectral type. This is mostly due to the fact that we have very few K5-K6 stars, with a large majority of K7 and M0 stars and a few M2 stars. The relative size of the convective subphotospheric cells increases toward the cooler end of the main sequence, enhancing the dynamo effect and the resulting magnetic activity. We minimize this effect by excluding stars hotter than K7 from Figure 4 . In addition, because these stars are in their contracting pre-main-sequence phase of evolution, they have not yet found stability in their rotation, which is a partial source of the dynamo. Therefore, a spread in color and luminosity might result in an intrinsic spread in the level of dynamo that, by assumption, controls the narrow component fluxes. On the other hand, if the narrow component does not originate in the atmosphere but is formed in a magnetically controlled circumstellar flow, we expect some fluctuation because of the erratic accretion rates and the distinct inclination angles of the magnetic column.
Uncertainties in veilings, as discussed previously, grow with increasing veiling. Therefore, the task of correcting the narrow component fluxes for the excess of continuum emission imposes an intrinsic error in both axes of Despite these uncertainties, there is still evidence of a positive correlation between veiling and the fluxes of the IRT components, mainly for F larger than 1.0. For veiling smaller than 1.0 we find a very poor correlation, and this confirms the previous findings of BB90 (see their Fig. 7 ). The X8662 fine shows the best trend among the Ca n profiles. This line is not near the edge of our echelle orders and thus yields more accurate measurements. DF Tau and DL Tau show large average radiative fluxes and are heavily veiled stars (V> 1.0). The narrow component fluxes of these classical TTS are shown on the right-hand side of Figures 4b, 4c , and 4d and are largely responsible for producing the correlation. The line fitting carried out to define the narrow component for most of the DL Tau data has substantial uncertainty because of the triangularshaped top of the broad component. Nevertheless, we are satisfied with our measurements since we choose the fits which properly minimize the narrow component fluxes. Moreover, for the cTTS considered in Figure 4 , the trough points are generally well defined, thereby reducing any possible contamination from the underlying broad component.
Among our data, RW Aur is a very special case: its veiling grows from 0.22 up to 4.2, and the D 3 line is clearly defined in all cases. It is not included in Figure 4 because we classified it as a K5 star. The correlation between veiling and narrow component is presented in Figure 5a in which the three measurements of 1989 January 17 are averaged. Another aspect of the profile is the broad redward absorption, which, combined with the typical broad emission, produces an inverted P Cygni profile, suggesting infalling material. We measure the total absorption beginning at the red end of the helium profile and ending at the extreme blue wing of the sodium D lines. Without performing any veiling corrections, we compare this total absorption with the (also veiling-uncorrected) helium narrow emission (Fig. 56) . If the absorption grossly indicates the column density of the infalling gas toward the line of sight, Figure  5b suggests a clear response of the undisturbed stellar line to the circumstellar gas infall.
Near-Infrared Excess
As previously stated, veiling and stellar activity do not appear to be correlated among the stars with low levels of disk accretion. The sample of TTS with veiling less than 0.2 includes some weak-lined TTS and a larger number of classical TTS with indication of disk accretion inferred from their nearinfrared excess. On the contrary, the sample is more homogeneous toward stars of large veiling, since it includes a larger number of classical TTS. Therefore, we look for available nearinfrared data in order to scrutinize the trend between narrow component fluxes and disk parameters further.
The near-infrared photometry and circumstellar extinction is taken from Strom et al. ( 1989) and, if not available there, from the compilation of Valenti et al. ( 1993 ) . The photometry is then combined with a standard extinction law (Savage & Mathis 1979) in order to compute the ( AT -L) 0 color excesses for each star. Uncertainties in extinction (1.0 mag) and spectral type introduce errors no larger than 0.1 and 0.02, respectively, into the final color index and are significantly less than the estimated errors in the NC fluxes. The only drawback is relying on photometry taken at different epochs. The average of the He I and Ca ii fluxes ( X8542 ) is taken whenever the star has more than one observation, and the correlation of both parameters is displayed in Figure 6 . This figure shows the dependence of the chromospheric He I and Ca ii lines on the disk accretion even at the very low limit of the near-infrared excess, where no trend is verified with the optical veiling (see Fig. 4 for V < 2.0).
On the Validity of the Correlations
Since we are correlating veiling with narrow component fluxes that are corrected for veiling, we must verify that veiling errors do not propagate themselves into flux errors in a way that would generate a false correlation. We do this by first dividing our sample into subgroups of successively increasing veiling in steps of 0.25. Flux values-not corrected for veiling-falling within a subgroup are then averaged, and the results are plotted versus veiling (Fig. la) . The solid lines represent the expected flux behavior if the narrow components were merely diluted by excess continuum emission. The expected flux value for a star with no veiling is the average of the observed fluxes up to a veiling of 0.5. The four lines are presented in the same figure, offset by 3.0 on the vertical axis.
From this figure, we can see that the observed line flux strongly deviates from the expected behavior, since, as veiling increases, the observed non-veiling-corrected fluxes tend to surpass the theoretical values. Moreover, with the exception of the helium line, the average flux differences are more accentuated at higher veiling, indicating a positive enhancement of the line-forming process. In the case of the helium line, the large fluxes at low veilings are from the profiles with uncertainties in their central broad component fluxes.
A second test is carried out by dividing the narrow compo- nent EW by a fiducial line in the same observed spectrum, therefore eliminating any possible errors originating from veiling corrections. We choose the Ca I line X6122.2, and the results are plotted versus veiling in Figure lb . The increase in EW of the line ratio suggests an increase in the total flux of the lines as veiling increases, therefore indicating that the narrow component tends to be enhanced by the same mechanism responsible for generating the excess continuum radiation as seen in Figure 4 .
Broad Components
A complete study of the broad fines is beyond the scope of this paper. Here, we merely highlight a few aspects of the broad 0*85 - components of the helium and Ca ii profiles. The broad component is the residual profile after the narrow component is subtracted off, and the resulting profile must clearly show emission in order to make an attempt at measuring the line fluxes. The broad component radiative losses listed in Table 1 are measured in units of stellar flux.
In Figures 8a, 8£, 8 c, and 8rf, we show the positive correlation between the broad components and veiling for the whole sample of TTS. The trend, however, is not clear among stars with veilings less than 1.5. As can be seen in Table 1 , the total narrow component fluxes in general do not increase as dramatically as the broad components do. Nevertheless, a fairly strong trend between these sets of lines can be seen.
DISCUSSION
Narrow Ca ii core emission is believed to originate in chromospheric active regions that are themselves correlated with the local concentration of magnetic field lines. These fields are thought to be generated by stellar dynamo-the combined action of stellar differential rotation and subphotospheric convection. Most of the objects in our sample are of nearly the same spectral type (K7-M0), and all are located on the fully convective tracks in the theoretical H-R diagram. Therefore, varying degrees of chromospheric emission should be only a consequence of differing rotational periods among the sample-those with low-level core emission should have longer rotational periods.
Photometric periods to date (see Bouvier et al. 1993 ) have shown the classical TTS to rotate more slowly on average than the weak TTS. Consequently, Edwards et al. ( 1994) suggest that circumstellar disks might regulate and stabilize the rotation of the classical TTS as they contract toward the main sequence. They hypothesize that the angular momentum is transferred to the cooler parts of the disk via the stellar magnetosphere. With such a picture in mind, we would expect the classical TTS to have lower levels of Ca n core emission than their diskless counterparts. This, however, is contrary to the trend found in this work and displayed in Figures 4, 5, and 6. Smith (1994) proposes a different scenario to explain the photometric data. He suggests that the bimodal distribution of rotational periods is an artifact of differential rotation. The classical TTS, as a result of magnetically controlled accretion, contain hot spots at high latitudes at which the rotational velocity is small. Photometric light curves produced as these hot spots rotate in and out of view therefore have longer periods than those of the weak TTS whose light curves are the result of lower latitude features (e.g., dark spots). However, assuming both classes of stars have similar degrees of differential rotation, their chromospheric characteristics should be the same which, again, is inconsistent with the findings of this work. In any case, Johns ( 1995) has shown that the actual absorptionline profiles are consistent with differential rotation much less than Smith requires. We are implicitly assuming that the narrow emission is formed in a typical chromospheric environment. Our findings imply there is a connection between the gas of the disk and the gas responsible for the Ca n and He I narrow emission via the accretion process. Before contemplating this connection further, we must stop and consider whether the narrow emission is indeed formed entirely in the chromosphere and is somehow enhanced by accretion processes or whether it is possible for some fraction of the emission to be formed within the infall itself. Such an analysis has been made for the broad emission component of these lines. Hartmann et al. ( 1994) develop models of infalling envelopes, sites where the TTS broad lines could possibly be formed. Their prehminary models are able to reproduce most of the spectral features in emission but not the blueshifted absorption features. In one interesting case, despite some simplifications (the central star is not rotating), they are able to produce narrow emission superimposed on a broad emission line. The resulting profile resembles many of those displayed in this work (see Fig. 2 ). The theoretical narrow emission is formed in a low-velocity infall (~10 km s' 1 ) relatively close to the magnetically disrupted disk.
We investigate whether or not the narrow components we observe could be formed in such a region. Assuming a dipolar magnetic field geometry with the field lines crossing the disk perpendicularly, the emission from the infalling gas will present a global blueshift, the magnitude of which depends on the disk inclination. If the disk is seen nearly edge-on, the resulting narrow emission is centered at the stellar rest velocity. Figure 9 displays the distribution of the helium line centers found in our sample. It shows no preferential blueshift which we would expect for lines formed in an infalling atmosphere. It is unlikely that all stars in our sample have high inclination disks.
Furthermore, if rotation (stellar and magnetospheric) is included in the above model, we would expect a significantly broader computed narrow core. The rotational velocity close to the disk grows in proportion to the distance from the star. For those stars having v sin i of about 10 km s _1 , the average baseline we measure in the Ca n triplet runs from 50 to 60 km s -1 which is similar to those computed with the nonrotating model. If the line-forming region is at 3 AE*, it will be rotating at 30 km s -1 , increasing the baseline up to about 100 km s _1 , and this is not observed.
We suggest that the narrow emission lines of TTS are completely formed in the stellar atmosphere. First, we develop chromospheric models for a weak and then for a classical TTS. The computational procedure leading to a final result is detailed in BB93 and is not repeated here. It closely follows the ET AL.
Vel (Km/s) Fig . 9 .-Distribution of the helium !ine center found in our sample of stars. It shows no preferential blueshift which is expected for lines formed in an infalling atmosphere.
standard steps developed by Linsky and collaborators ( see Linsky 1980) . The code MULTI (Carlsson 1986 ) is used, and a model atmosphere of Carbon & Gingerich ( 1969) is adopted with temperature and gravity, respectively, of 4000 K and 4.0 dex. Our intention with this semiempirical line synthesis is to define a possible line-forming region rather than to propose any detailed TTS atmospheric models.
We have computed several model chromospheres, and V830 Tau is taken to be the prototype of the weak TTS. The Ca II infrared line X8542 is then synthesized. In Figure 10 (top), we present the best model and line synthesis for V830 Tau. The chromospheric hinge points are close to those used in BB93, and they represent a large class of TTS with low levels of emission (i.e., weak TTS). It should be noted that the chromospheric temperature gradient is very large, yielding a mass at 6000 K (ra 6 ooo), 2 mag higher than that typical of active main-sequence stars (compare our meow = 2.7 X 10" 3 g cm -2
with the values of Giampapa, Worden, & Linsky 1982) . This indicates that, on the average, a large dissipation of magnetoacoustic waves, at higher densities, closer to the photosphere, is taking place in the atmosphere of a weak TTS. We make several changes in the chromospheric hinge points of the V830 Tau model in order to synthesize the Ca II emission profile of a classical TTS. It is quite straightforward to match the observed central fluxes by moving the Ca II lineforming region toward the upper photosphere. However, the resulting profiles have baselines-the regions between the trough points-larger than those observed. Consequently, there may be a combination of two distinct mechanisms to explain the excess of narrow-line emission found in the classical TTS. We propose that the extra emission is produced in the stellar atmosphere in sites in which the chromosphere is being affected by the reprocessed energy of the accreted gas. These sites might be represented as transition regions between an otherwise normal TTS atmosphere and the collisional area at the base of the magnetic accretion column. We assume that the weak TTS and the classical TTS have similar atmospheres, with the latter containing these transition regions that we shall refer to as hot chromospheres.
The reason for associating the hot chromospheres with the regions surrounding the footpoints of the magnetic columnas opposed to the classical boundary layer that interfaces the disk and the star-is based on the findings of Edwards et al. ( 1994) and Johns & Basri ( 1995) for SU Aur and our results for RW Aur. The excess of narrow-line fluxes indicated in Figures 4 and 5 correlates with the disk gas accretion, since the hot chromosphere regions are intermediate regions between the magnetic footpoints and the normal TTS atmosphere. RW Aur supplies evidence that accretion is correlated with the narrow-line emission. Figure 5a shows the correlation between veiling and the strength of the He I emission for this object. Figure 5b presents the strength of the redward absorption versus the narrow emission without performing veiling corrections. The trend supports the hypothesis that accretion onto the stellar surface implies a larger degree of dissipation into the surrounding regions at the base of the magnetic column.
We assume that a classical TTS atmosphere can be approximated by the following expression: ATM^ = ( 1.0 -ff)*ATM vms +ff*ATM hot , where ffis the filling factor of the hot chromospheric regions and ATM refers to atmosphere. It should be kept in mind that the hot chromospheric regions addressed in this work are not similar to the hot spots at the base of the magnetic column which are funneling gas accretion. These latter regions are thought to be responsible for the bright spots which add to the final modulation of the cTTS light curve (Herbst, Herbst, & Grossman 1994) .
In arriving at an appropriate ATM hoU we must simultaneously consider the observed baselines of the narrow emission and the magnitude of their fluxes. To secure the observed baselines, we extend the photospheric temperature minimum from 0.38 g cm -2 (w min ) up to about 0.25 g cm -2 . A steep rise in temperature then begins, reaching Wöooo of 5.6 X 10 -2 g cm -2 , which is approximately a factor of 20 larger than that calculated for the weak TTS. To yield the large central fluxes, the temperature gradient must rise steadily up to nearly 18,000 K. The optimal combination of parameters is presented in Figure  10 {bottom). It should be noted that while performing chro-232 mospheric line synthesis of active field stars, the photospheric temperature minimum is forced to be larger than that found in an inactive star. By increasing the rate at which MHD waves dampen into the lower chromosphere, larger dissipation of waves will take place at the top of the photosphere as well, thereby changing the local thermal structure. In our computed hot chromosphere model, the region of temperature minimum is similar to the one representative of a weak ITS, which indicates that the extra source of chromospheric heating is not outward subphotospheric waves.
BP Tau ( 1989 January 17 ) is selected as the prototype of the classical TTS because of its large total Ca n flux and its relatively large veiling. Using the above defined ATM^ and ATM hou we find the filling factor,//*, which gives an ATM ctXs producing the closest synthesis. We find this occurs when 14% of the emitting area of the star is covered by the hot chromosphere model, and the rest is that of a typical weak TTS. In Figure 10 {lower right), the observed profile of BP Tau is offset by 0.7 flux units to compensate for the broad component.
The hot model is not deep as suggested by Herbig ( 1970) and computed by Calvet et al. ( 1984) and Calvet ( 1987) to explain TTS emission lines. A typical deep chromosphere model requires and of 1.0 g cm -2 and 0.3 g cm -2 , respectively, and prevails over the entire star. In addition, the continuum veiling of the resulting model is a maximum of 3% of the photospheric continuum flux, negligible if compared with the observed one (75%), which is dependent on disk accretion. The deep chromospheric models were constructed to match the total flux in lines like Ca II, both broad and narrow components.
The same hot model is scaled to fit the DL Tau ( 1988 November 30) Ca ii narrow line, which has a baseline of about 50 km s _I and one of the largest narrow-line fluxes. In order to match the central observed flux, we find that 16% of the stellar surface must be covered by hot chromosphere model. We should note that the synthetic profile yields a baseline 30 km s -1 larger than that observed. However, this problem can be reconciled by adjusting the initial value of the mass ( w m i n ) at the beginning of the chromospheric temperature rise.
This exercise shows that small changes in the projected area of the hot chromosphere can explain up to a factor of 3 increase in the narrow-line emission flux found in TTS with large accretion rates. The computed central flux of the hot chromosphere is about 11 times larger than that of a weak-lined TTS. Therefore, an increase of a few percent in the transition region projected area will introduce a significant change on the total computed flux. Since the hot chromosphere is an optically thin region, it adds negligible flux to the continuum.
Following this formulation-the simple combination of a weak TTS model with a hot chromosphere-we find that no more than 20% of the stellar surface can be contributing to the excess emission in these lines. In addition, in order to reproduce the relatively narrow baselines ( ~50 km s -1 ), the region of minimum temperature of the hot chromosphere region should have densities lower than expected in the models of active field stars.
If the disk gas is being funneled onto a nonaxisymmetric distribution or an axisymmetric one not coincident with the rotational poles, the presence of a transition region as stated above would require modulation of the narrow emission lines over a period of stellar rotation. Whenever the hot chromosphere is ET AL.
Vol. 103 more hidden on the far side of the stellar surface, the expected narrow component flux should drop to the levels observed in a weak-lined TTS. We cannot verify this assumption with the available data. Nevertheless, all the highly veiled TTS (e.g., the seven observations of DR Tau) show the D 3 line approximately 2 times stronger than that in a weak-lined TTS, indicating no obvious variation. It will be interesting to check this question with synoptic data.
5. CONCLUSIONS We measure the narrow component fluxes of the Ca n infrared triplet and He i X5876 lines in a large sample of late-type TTS. We find a correlation between the narrow component flux and veiling. This trend is more accentuated among the stars with large veiling parameters. Another trend is verified between the narrow component fluxes and the near-infrared excess, and it appears to be more accentuated among the stars with low veiling: mostly weak TTS and classical TTS with low levels of (AT -L)o excesses. These results suggest a basic connection between disk accretion as inferred simultaneously by the veiling parameters and the near-infrared excess, and the narrow component emission normally thought of as the fingerprint of stellar activity.
Since the strength of the narrow component flux is being controlled by disk accretion, the line-forming region could be located at the origin of the infalling gas. A variety of theory and observations supports a scenario in which the circumstellar disk is being disrupted by the stellar magnetosphere at the corotational radius. We show that the distribution of helium line centers among our sample of stars is consistent with a formation region at rest with regard to the stellar surface. The distribution of the line centers for an infalling gas is slightly blueshifted. Therefore, we suggest the stellar surface as the region where the narrow lines are being formed.
We propose an explanation for the narrow component flux excesses found in classical TTS. In our simple approach, we assume no major differences between the atmosphere of a classical and a weak TTS. The circumstellar disk interacts with the stellar magnetosphere of a classical TTS, and, as a result, gas of the disk is funneled onto the stellar surface, generating hot spots. There is a transition region between these hot spots and the surrounding quiet atmosphere in which part of the collisional energy is reprocessed. This transition region is the site at which the extra flux is being produced.
We synthesize the Ca n lines of a classical TTS using a combination of two chromosphere models. The first model reproduces the narrow line of a typical weak-lined TTS. The second adopts a steep gradient of temperature up to 18,000 K, yielding the large central fluxes observed in classical TTS. In addition, in order to reproduce the observed line base width of ~50 km s" 1 , the rise in temperature of this second model must begin at low optical depth as opposed to earlier deep chromosphere models in which the temperature rise was at very large optical depths. Based in our data, up to 20% of this second model must be combined with the chromosphere model of a weak-line TTS to fit the large range in profiles presented in this work.
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